Abstract: In this work, we examined the effect of tropospheric emissions on tropospheric contributes to the low O 3 over the remote marine boundary layer. In contrast, elevated
Introduction
Atmospheric O 3 exhibit a near order two of magnitude change from the upper troposphere to the lower University (NTU).
94
The Cray J90 is a shared memory supercomputer, which enables codes to run on an ensemble 95 of central processing unit (CPU) simultaneously with greater efficiency than traditional single CPU 96 simulation method [24] . We specifically designed the IMS codes to match and benefit from the unique 97 hardware and software mechanisms provided by the Cray J90. As such, the model run parallelly on the
98
Cray J90 since 1995.
99

Results Analysis
100
We use O 3 ratios to exam the effect of a scenario simulation. For example, we divided tropospheric
101
O 3 from a particular situation to the tropospheric O 3 from control run (the full model simulation). Hence,
102
the O 3 ratios measure the effects that particular scenario.
103
For the scenario without tropospheric emissions, the variations of the O 3 ratios indicate the effect of The comparisons were made at the surface using a time-series plot, and above the surface using maximum at the surface similar to that shown in the measurements.
118
There are agreements and discrepancies in the levels of O 3 simulated between these two simulations.
119
Close agreement between the simulations indicates that anthropogenic and pyrogenic emissions are 120 of less importance, while the disagreements between the two simulations provide a measure of the 121 contribution from photochemical production on O 3 in the troposphere. For example, the no-emission 122 simulation at Westman Island shows close agreement between the model and the daily minimum 123 measurements ( Figure 1a ). This indicates that background O 3 concentrations from the stratosphere 124 mostly controls the variation of the daily observed lowest O 3 levels at this location.
125
The disagreements between the two model simulations occur from mid-spring to late summer. The 126 timing of the maximum discrepancies occur in summer is consistent with the period when photochemical (Figure 2b ).
152
The no-emission simulation presents the inter-hemispheric asymmetry in O 3 over the marine 
197
We find that surface O 3 with concentrations less than 5 ppbv prevail over the Amazon basin, tropical 
235
For the southern hemisphere spring (Figure 4c ), the seasonal pyrogenic emissions of O 3 precursors in 236 the southern hemisphere tropical continents fueled photochemical production. stratosphere (Figure 5f ). Low O 3 ratios (less than 80%) occur at this site during the southern hemisphere 252 spring to summer months, from October to December and from January to March (Figure 5f ).
253
These low O 3 ratios indicate that pyrogenic emissions play a major role in the lower troposphere.
254
These results are consistent with previous analyses. 
266
On the other hand, development of the low O 3 ratios from spring to late summer and early autumn, 
